Peripheral arterial diseases, the major complication of diabetes, can result in lower limb amputation. Since endothelial progenitor cells (EPCs) are involved in neovascularization, the aim of this study was to examine whether EPCs isolated from Wharton's jelly (WJ-EPCs) of the umbilical cord, a rich source of mesenchymal stem cells, could reduce ischemia-induced hind limb injury in diabetic mice. We evaluated the effects of WJ-EPC transplantation on hind limb injury caused by femoral artery ligation in mice with streptozotocin (STZ)-induced diabetes. We found that the ischemic hind limb in mice with STZ-induced diabetes showed decreased blood flow and capillary density and increased cell apoptosis and that these effects were significantly inhibited by an injection of WJ-EPCs. In addition, hypoxia-inducible factor-1a (HIF-1a) and interleukin-8 (IL-8) were highly expressed in transplanted WJ-EPCs in the ischemic skeletal tissues and were present at high levels in hypoxia-treated cultured WJ-EPCs. Moreover, incubation of the NOR skeletal muscle cell line under hypoxic conditions in conditioned medium from EPCs cultured for 16 h under hypoxic conditions resulted in decreased expression of pro-apoptotic proteins and increased expression of anti-apoptotic proteins. The inhibition of HIF-1a or IL-8 expression by EPCs using HIF-1a siRNA or IL-8 siRNA, respectively, prevented this change in expression of apoptotic-related proteins. Wharton's jelly in the umbilical cord is a valuable source of EPCs, and transplantation of these EPCs represents an innovative therapeutic strategy for treating diabetic ischemic tissues. The HIF-1a/IL-8 signaling pathway plays a critical role in the protective effects of EPCs in the ischemic hind limb of diabetic mice.
Introduction
T he peripheral vascular disease, the most common type of diabetic vasculopathy, is the main cause of morbidity and disability in diabetic subjects [1] . Microvascular complications in diabetes are typically associated with dysregulation of vascular remodeling and vascular growth, with decreased responsiveness to ischemic/hypoxic stimuli, impaired or abnormal neovascularisation, and a lack of endothelial regeneration [2] . Thus, there is a need for therapeutic interventions aimed at accelerating repair of dysfunctional endothelial cells and restoring blood flow, resulting in functional tissue regeneration. The use of endothelial progenitor cells (EPCs) to improve lower limb ischemia has been suggested as an effectively therapy for diabetic foot disease [3] . Accumulating evidence indicates that transplantation of various bone marrow-derived cells, including mononuclear cells, EPCs, mesenchymal stem cells (MSCs), and hematopoietic stem cells, can restore blood flow in ischemic diseases [4] . However, MSCs are not usually obtained from the bone marrow because of the pain and morbidity associated with bone marrow biopsy and the decline in the number and plasticity of these cells with aging and cardiovascular diseases, resulting in reduced neovascularization and reduced therapeutic potential [5] . New alternative sources of MSCs are being examined to improve EPC function and optimize cellbased therapy. A new option is the use of Wharton's jelly from the umbilical cord. In our previous study, we successfully induced MSCs from Wharton's jelly to differentiate into EPCs (WJ-EPCs) and found that transplantation of WJ-EPCs after vascular injury effectively re-established endothelial integrity and decreased neointimal formation [6] .
Numerous factors are thought to be involved in neovascularization and apoptosis, the crucial steps in curing tissue ischemia [7] . Hypoxia-inducible factor-1a (HIF-1a) is a transcription factor that mediates adaptive responses under conditions of ischemia/hypoxia in vitro and in vivo [8, 9] . HIF-1a expression in bone marrow-derived angiogenic cells has been shown to mediate a series of metabolic responses to hypoxia that maintain energy, pH, and redox homeostasis in ischemic tissue [10] . Adeno-associated virus transduction of a stabilized form of HIF-1a was superior to transduction with vascular endothelial growth factor (VEGF) in stimulating angiogenesis in skeletal muscle [11] . Under ischemic/ hypoxic conditions, HIF-1a subunits accumulate, translocate to the nucleus, and bind to the HIF-1b subunit, and then, the complex binds to hypoxia response elements in the promoters of various genes, such as that coding for interleukin-8 (IL-8), a member of the CXC chemokine family, activating their transcription [12] . IL-8, a proinflammatory cytokine, is responsible for recruitment of neutrophils and also acts as an angiogenic factor because it increases endothelial cell proliferation, capillary tube organization, and matrix metalloproteinase production [13] . These observations suggest that HIF-1a and IL-8 may play critical roles in angiogenesis in ischemic/hypoxic tissues. However, whether WJ-EPCs are protective against hind limb ischemia in a diabetic mouse model and, if so, whether HIF-1a and IL-8 are involved is not known. In the present study, we evaluated the effects of WJ-EPC transplantation on hind limb injury caused by femoral artery ligation in mice with streptozotocin (STZ)-induced diabetes. We also examined the effects on neovascularization and apoptosis of conditioned medium produced by WJ-EPCs under hypoxic conditions. Our results showed that WJ-EPC transplantation effectively restored blood flow and prevented ischemia-induced apoptosis via activation of the HIF1a/IL-8 pathway. In this study, we demonstrated, for the first time, to our knowledge, that HIF-1a and IL-8 play important roles in the regulation of vasculogenesis and apoptosis in the ischemic hind limb.
Materials and Methods
The expanded methods are provided as an online supplement (Supplementary Data are available online at www .liebertpub.com/scd).
Results

EPC transplantation effectively restores blood flow and function after femoral artery ligation of the hind limb of diabetic mice
To induce moderate diabetes, male ICR mice (Bltw:CD-1, 8-weeks old, n = 120) were injected intraperitoneally with 150 mg/Kg of STZ in 0.9% sterile saline, daily for 3 days [14] . Blood glucose levels in diabetic mice were 121 -7, 373 -40, 480 -18, and 502 -20 mg/dL on days 0, 3, 5, and 11, respectively. Age-matched mice receiving no STZ served as controls. Blood glucose levels were increased 3.3 -0.4-fold on day 3, 3.9 -0.2-fold on day 5, and 4.3 -0.2-fold on day 11 in diabetic mice compared with non-diabetic ones.
Supplementary Fig. S1 shows the endothelial phenotypes of EPCs derived from Wharton's jelly of the human umbilical cord evaluated for expression of CD31, CD34, kinase insert domain receptor (KDR), von Willebrand factor (vWF), thrombomodulin (TM) and CD45 by immunocytochemistry (A), flow cytometry (B), and western blotting (C). The majority of EPCs, but not MSCs, expressed the EPC markers CD34 and KDR and the mature endothelial cell markers CD31, vWF, and TM; while neither MSCs nor EPCs expressed the common leukocyte antigen CD45. The characteristics of these cells were similar to those described for EPCs in our previous report [6] , have the capacity to differentiate into mature endothelial cells.
To examine whether EPCs had a protective effect on the ischemic limb of diabetic mice, STZ-treated mice that had undergone femoral artery ligation of the left hind limb at the end of 3 days of STZ initial injection were injected into the thigh muscle along the course of the femoral artery with 100 mL of saline (D/I/S group) or saline containing Q tracker-labeled EPCs (1 · 10 6 ) (D/I/EPC group), and blood flow was monitored over time by laser Doppler imaging; mice that had only undergone femoral artery ligation were also used as the ischemia control (group I). As shown in Fig.  1A , the laser Doppler perfusion images showed similar levels of blood flow in the 3 groups before ligation and a rapid drop in blood flow in the left hind limb after arterial ligation (POD 0), and blood flow remained low in the I and D/I/S groups at days 3 and 7 postligation, but was increased in the EPC-injected mice. An injection of EPCs significantly increased the ischemic (left)/non-ischemic (right) blood perfusion ratio by 2.3 -0.5-fold compared with saline-injected diabetic ischemic mice at D7 after surgery. In addition, as shown in Fig. 1B , the morphology and the functional score of the left hind limb, measured by the Westvik method [14] , showed that the ischemic leg in the saline-treated diabetic mice exhibited more severe gangrene and ulceration than the contralateral limb, but showed a significantly higher functional score in the EPC-treated group.
EPC transplantation improves muscular morphology in the ischemic hind limbs of diabetic mice
To determine what differences could account for the increased function of the hind limb after EPC treatment, we examined the morphology of the hind limb by hematoxylineosin staining and transmission electron microscopy. As shown in Fig. 2A , the ischemic diabetic limb showed a decreased mean muscle fiber area compared with the normal limb, and this effect was significantly decreased by EPC treatment. Ultrastructural analysis of skeletal muscle fibers by electron microscopy showed that the fibers in the ischemic group and D/I/S group were extensively disorganized compared with the normal group, and severe Z-disk damage associated with A-band disruption and misalignment of myofibrils was seen in both groups (Fig. 2B) . At higher magnification, extensive dilation of the sarcoplasmic reticulum, disrupted mitochondria, large vacuoles between myofibrils and autophagosomes, and disrupted Z-disks were also observed (Fig. 2C ). In the EPC-treated group, the ultrastructural morphology was improved compared with the ischemic diabetic group. These results suggest that EPC transplantation effectively reduced ischemia-induced hind limb injury in the diabetic mice.
EPC transplantation stimulates neovascularization after femoral artery ligation of the hind limb of diabetic mice
To determine whether the increased function after femoral limb ischemia in diabetic mice seen in EPC-transplanted mice reflected increased angiogenesis, we examined microvascular density in the ischemic limbs by immunostaining with anti-CD31 antibodies. As shown in Fig. 3A , after induction of limb ischemia, mice with or without diabetes showed a significant decrease in the number of microvessels compared with the normal group, whereas EPC transplantation resulted in an increase in numbers of *4-fold compared with those in the ischemic limb of saline-treated diabetic mice. Importantly, we found that EPCs were found adjacent to the muscle fibers and took part in capillary formation in the ischemic limb of the diabetic mice (Fig. 3B ). These findings suggest that EPC transplantation increases neovascularization in the ischemic hind limb of diabetic mice.
EPC transplantation decreases cell apoptosis in the ischemic hind limb, and conditioned medium from hypoxia-treated EPCs increases expression of anti-apoptotic proteins in skeletal muscle cells subjected to hypoxia
Since we found that EPC transplantation effectively reduced ischemia-induced hind limb injury in diabetic mice, we investigated whether this was due to decreased apoptosis of skeletal muscle cells. As shown in Fig. 4A , the number of terminal dUTP nick-end labelling (TUNEL)-positive cells per high power field in skeletal muscles was significantly increased in groups I and D/I/S compared with normal mice, and, as shown in Fig. 4B , on serial sections, the apoptotic cells colocalized with skeletal muscle cells stained with antibodies against skeletal muscle actin or with endothelial cells stained with anti-CD31 antibodies. EPC transplantation dramatically decreased the number of apoptotic cells in the ischemic hind limb of the diabetic mice (Fig. 4A ). In addition, as shown in Fig. 4C , western blotting demonstrated that expression of p53 up-regulated modulator of apoptosis (PUMA), a pro-apoptotic protein, was significantly increased in the ischemic left hind limb in these 3 groups compared with the contralateral nonischemic limb, but the increase was much lower in the EPC-treated diabetic group than in the saline-treated diabetic mice.
To study the mechanisms involved in the protective effects induced by EPCs, NOR cells, a skeletal cell line, were used as an in vitro cell model. When NOR cells were exposed to hypoxia for 16 h, apoptosis was induced, as shown by TU-NEL staining (Fig. 4D) . When NOR cells were incubated under hypoxic conditions for 16 h with conditioned medium from EPCs subjected to hypoxia for 16 h (CM-H), expression of the pro-apoptotic proteins Bax and PUMA was decreased compared with that seen in NOR cells incubated with conditioned medium from EPCs incubated for 16 h in normoxic conditions (CM-N), whereas expression of the anti-apoptotic proteins Bcl-x and Bcl-2 was increased. These results suggest that cytokines released from hypoxia-treated EPCs protect skeletal muscle cells from undergoing apoptosis under hypoxic conditions.
The reduced femoral artery ligation-induced injury of the hind limb in diabetic mice after EPC transplantation involves the HIF-1a/IL-8 pathway
The HIF-1a/IL-8 pathway plays an important role in cell survival [10, 13] . Immunostaining of EPCs in the injury site after femoral artery ligation of the hind limb of diabetic mice showed strong expression of HIF-1a (Fig. 5A ) and IL-8 (Fig.  5B) . Furthermore, the conditioned medium from EPCs cultured for 16 h under hypoxic conditions (CM-H) was found to contain large amounts of secreted IL-8, as shown in both a multiplex immunoassay (Fig. 5C ) and ELISA (Fig. 5E ), and these hypoxic conditions were shown by western blotting to significantly increase HIF-1a expression by EPCs (Fig. 5D ). EPCs incubated under hypoxic conditions for 16 h showed significantly high levels of secreted IL-8 than those incubated under normoxic conditions (28.6 -11.0 ng/mL vs. 0.05 -0.01 ng/mL). In contrast, IL-8 levels in conditioned medium from human umbilical vein endothelial cells (HUVECs) under hypoxic conditions were slightly higher than those under normoxic conditions (1.80 -0.15 ng/mL vs. 0.05 -0.01 ng/mL). To examine whether the HIF-1a/IL-8 pathway mediated the protective effects of EPCs on skeletal muscles under hypoxic conditions, siRNA was used to knock down HIF-1a or IL-8 expression. When cells transfected with siHIF-1a RNA underwent hypoxia treatment, the cells showed decreased HIF-1a expression (Fig. 5D ) and IL-8 secretion (Fig. 5E ), whereas transfection with siIL-8 RNA followed by hypoxia treatment also resulted in decreased IL-8 secretion (Fig. 5E ), but had no effect on HIF-1a expression (Fig. 5D) . When NOR cells were incubated for 16 h under hypoxic conditions with conditioned medium from EPCs transfected with either siHIF-1a or siIL-8 RNA and subjected to hypoxia treatment for 16 h (siHIF-CM-H or siIL-8-CM-H), the cells showed increased expression of the pro-apoptotic proteins caspase 3 and Bax and decreased expression of the anti-apoptotic protein Bcl-2 compared with cells incubated with conditioned medium from normal EPCs subjected to hypoxia (CM-H) (Fig. 5F ).
HIF-1a and IL-8 increase migration and vascular tube formation of EPCs
Previous studies have demonstrated that HIF-1a and IL-8 are chemoattractive factors for endothelial cells [15, 16] . To examine in detail the role of HIF-1a and IL-8 in EPC migration to the injury site, an in vitro model of EPC wound repair was used in which a 350 mm wound was inflicted in an EPC monolayer using a sterile pipette tip. As shown in Fig.  6A , the number of EPCs that migrated into the wound area under normoxic conditions in 6 h was significantly increased by incubation in CM-H compared with incubation in CM-N. In contrast, incubation of EPCs with siHIF-CM-H or siIL-8-CM-H significantly reduced cell migration.
Next, we examined the effect of EPCs on vascular tube formation and whether the effect was attributable to HIF-1a and IL-8 by incubating EPCs under normoxic conditions in the Matrigel assay with different conditioned medium. As shown in Fig. 6B , cells incubated with CM-H assembled into primitive vascular tube-like structures when plated on Matrigel plates, but far fewer tubes were seen using siHIF-CM-H or siIL-8-CM-H.
Together, these results show that HIF-1a and IL-8 are involved in the effects of EPCs on the migration and capillarytube formation of EPCs under normoxic conditions.
Discussion
In the present study, we found that local transplantation of EPCs derived from Wharton's jelly (WJ-EPCs) improved various parameters of the ischemic hind limb in diabetic mice and rescued blood flow, recovered limb function, and decreased muscular injury and apoptosis. Transplantation of EPCs also increased microvascular density, and the EPCs were incorporated into vessel structures. Furthermore, the transplanted EPCs in the skeletal muscle strongly expressed HIF-1a and IL-8, and the cultured EPCs subjected to hypoxia for 16 h contained large amounts of both factors. The conditioned medium from hypoxia-treated EPCs was shown to alter the expression of apoptosis-related proteins on skeletal muscles and increased migration of, and tube formation by, EPCs through HIF-1a and IL-8 expression. Based on these findings, WJ-EPCs show great promise as a treatment for diabetic ischemia-induced vascular and skeletal muscle dysfunction.
The number and function of circulating EPCs are profoundly lowered in diabetic patients with peripheral arterial disease [17] . Although bone marrow and peripheral blood are the major natural sources of EPCs for the restoration of co-localized with that of human-specific b2-microglobulin (b2M) in EPCs in the ischemic hind limb of diabetic mice after WJ-EPC injection, as shown by immunofluorescent staining of paraffin serial sections. Scale bar = 50 mm. (C) IL-8 levels in conditioned medium from EPCs subjected to hypoxia for the indicated time evaluated by multiplex immunoassay. n = 3 per group. *P < 0.05 compared with the control group. Scale bar = 50 mm. (D) EPCs (1 · 10 4 cells) were left untreated or were transfected with HIF-1a siRNA or IL-8 siRNA for 72 h, then subjected to normoxia or hypoxia for 16 h, and then levels of HIF-1a in the cell lysates were evaluated by western blotting. *P < 0.05 for hypoxia versus normoxia; { P < 0.05 for siHIF-hypoxia versus siHIF-normoxia; { P < 0.05 for siIL-8-hypoxia versus siIL-8-normoxia. (E) EPCs (1 · 10 4 cells) were transfected with HIF-1a siRNA or IL-8 siRNA for 72 h, and were then subjected to hypoxia for 16 h, when IL-8 levels in the conditioned medium were evaluated by ELISA. The conditioned media from EPCs with normoxia treatment for 16 h were used as the control. Data are expressed as the mean -SEM, n = 3 per group. *P < 0.05 for hypoxia versus normoxia; { P < 0.05 for siHIF-hypoxia or siIL8-hypoxia versus hypoxia. (F) NOR cells, a skeletal cell line, were exposed to hypoxia for 16 h in the presence of conditioned medium from EPCs subjected to hypoxia for 16 h (CM-H) or from transfected EPCs treated identically (siHIF-CM-H and siIL-8-CM-H) or were cultured in NOR medium under normoxic conditions for 16 h as a control; then, levels of apoptosis-related proteins in the cell lysates were evaluated by western blotting. n = 3 per group. *P < 0.05 for siHIF-or siIL8-hypoxia versus hypoxia. SEM, standard error of the mean. blood flow in ischemic diseases, the use of cells derived from these sources as therapy is not always possible for allogenic transplantation because of the invasive procedures used for aspiration, a high degree of viral infection, and the significant drop in cell numbers and proliferative/differentiation capacity with age [18] . However, cord blood and umbilical cord can be considered alternative sources of EPCs for experimental and clinical use. Although cord blood has many advantages, the number of nucleated cells is limited, and this is considered a seriously weak point in routine application for transplantation [19] . However, the stromal cells in Wharton's jelly have been shown to differentiate into diverse cell types under various culture conditions [20] [21] [22] . These cells show a higher proliferative potential and hypo-immunogenicity than do bone marrow-derived cells [23] . In our previous study, we described a simple method for the isolation and expansion of MSCs from Wharton's jelly and their differentiation into EPCs and demonstrated that transplantation of these cells not only accelerates re-endothelialisation, but also profoundly inhibits neointimal hyperplasia after vascular injury [6] . In the present study, our results demonstrated that blood flow in the ischemic hind limb of diabetic mice was improved by transplantation of EPCs, as in a previous report showing that WJ-EPCs can restore blood flow in a hind limb ischemia mouse model [24] . Moreover, our results demonstrated that skeletal muscle atrophy, ultrastructural changes, and apoptosis were reduced by EPC transplantation. These cells may, therefore, prove to be a new source of cells for cell therapies for the repair of stromal tissue and, potentially, the endothelium, thus avoiding the ethical and technical issues involved in the use of cells from other origins.
Therapeutic neovascularization is an important strategy for salvaging tissue from critical ischemia [25] . The present study demonstrated that EPC transplantation increased neovascularisation and blood flow in the ischemic hind limb of diabetic mice. Our results support those in a previous study by Kawamoto et al. [26] , who showed that transplantation of EPCs derived from the peripheral blood of healthy human adults induces significant neovascularization in the heart during coronary artery ligation-induced myocardial ischemia. Our in vivo study further showed that transplanted WJ-EPCs were formed into capillaries and incorporated into the capillary networks in the preserved skeletal muscle cells in the ischemic limb of diabetic mice. In addition, MSCs from Wharton's jelly of the umbilical cord express more angiogenesis-related genes, such as the VEGF gene, than those from bone marrow [27] . Considering the fact that Wharton's jelly is a much more robust source of EPCs than adult peripheral blood, Wharton's jelly can serve as a novel and important source of EPCs.
The underlying mechanisms of the protective effects of WJ-EPCs on the ischemia limb of diabetic mice were then studied. Recent evidence suggests that neovascularization by stem cells does not depend solely on the homing and engraftment of the administered cells, but also involves paracrine effects and the local secretion of cytokines by these cells [28] . A previous study showed that conditioned medium from cultures of amniotic liquid-derived stem cells containing angiogenic factors, such as MCP-1, IL-8, SDF-1, and VEGF, can stimulate neo-arteriogenesis in a preclinical model of ischemic hind-limb mice [29] . The hypoxiamediated increase in IL-8 gene expression in human microvascular endothelial cells involves HIF-1a expression, and the hypoxic response element has been identified in the IL-8 promoter [16] . Our immunofluorescent staining results directly demonstrated that the transplanted EPCs in the skeletal muscle in the ischemic limb of diabetic mice strongly expressed HIF-1a and IL-8. In addition, the conditioned medium collected from WJ-EPCs subjected to hypoxia for 16 h was found to contain large amounts of IL-8 as compared with that from cells grown under normal conditions. Importantly, the amount of IL-8 in the conditioned medium was significantly higher than that in conditioned medium from HUVECs with or without hypoxia treatment. Moreover, the hypoxia-induced IL-8 expression was blocked by siRNA for HIF-1a, indicating the role of HIF-1a in the regulation of IL-8 expression. These results show that EPCs incubated under hypoxic conditions express significantly high levels of HIF-1a and IL-8, that this is closely associated with neovascularisation, and that HIF-1a mediates the upregulation of IL-8 in EPCs.
Neovascularization is a multistep process including endothelial cell proliferation and migration and capillary tube formation that are mediated by angiogenic factors, such as IL-8 [29, 30] . Recombinant human IL-8 has been shown to induce endothelial cell proliferation and capillary tube organization, and neutralization of IL-8 with anti-IL-8 antibody blocks IL-8-mediated capillary tube organization in vitro [13] . In addition, transcription factor HIF-1a, which regulates the expression of the IL-8 gene, is involved in bone marrowderived angiogenic cell migration to ischemic sites [9] . HIF-1a expression plays a master role in many crucial physiological processes, such as angiogenesis, cell migration, growth, and apoptosis [7, 15] . Recent studies have demonstrated that ischemia-induced HIF-1a activation and the subsequent recruitment of bone marrow-derived angiogenic cells are impaired by aging and diabetes, and that this impairment can be overcome by local intramuscular injection of AdCA5, a recombinant adenovirus encoding a constitutively active form of the HIF-1a subunit, resulting in improved recovery of blood flow and prevention of tissue damage after artery ligation of young and middle-aged mice [31, 32] . Combined HIF-1-based gene and bone marrow-derived angiogenic cells therapy was found to reduce tissue necrosis [10] . In addition, destabilization of HIF-1 is most likely the event that transduces hyperglycemia into the loss of the cellular response to hypoxia in most diabetic complications [33] . Local transfer of HIF constructs demonstrated that stabilization of HIF-1a is necessary and sufficient for promoting wound healing in diabetic mice [34] . In the present study, we observed that conditioned medium obtained from hypoxia-treated EPCs stimulated tubular formation and migration of EPCs and that these effects were not seen with conditioned medium from EPCs transfected with siHIF-1a or siIL-8 RNA, suggesting that HIF-1a and IL-8 promote vascularization by directly interacting with endothelial cells. Since angiogenesis is essential for the therapy of ischemia in a diabetic environment, these data suggest that HIF-1a and IL-8 from WJ-EPCs play an autocrine/paracrine role in angiogenesis.
A recent report suggested that, in addition to vascularization, cell survival is a novel therapeutic target for ischemia [35] . The effects of bone marrow-derived MSCs in protecting cardiomyocytes against ischemic/hypoxic injury might be related to a paracrine mechanism involving the release of a wide range of cytokines [36] . Bone marrow-derived stromal cells expressing an adenovirus-born active form of HIF-1a protect ischemic cardiomyocytes against CoCl 2 -induced apoptosis [36] . Treatment of bone marrow-derived angiogenic cells with dimethyloxalylglycine, an a-ketoglutarate antagonist that induces HIF-1a activity, has significant survival advantage under conditions of low O 2 and low pH ex vivo and in ischemic tissues [10] . IL-8 and its receptors, CXCR1 and CXCR2, are expressed on microvascular endothelial cells and have been shown to play a role in endothelial cell survival and proliferation [37, 38] . CXCR2 was also found in human skeletal muscles [39] . A previous study demonstrated that addition of IL-8 to cultured HUVECs significantly enhances survival and inhibits cell apoptosis by increasing the expression of anti-apoptotic genes [13] . The present study demonstrated that incubation of NOR skeletal muscle cells under hypoxic conditions with conditioned medium from hypoxiatreated EPCs decreased expression of the pro-apoptotic proteins Bax and PUMA and increased expression of the antiapoptotic proteins Bcl-x and Bcl-2 compared with values in NOR cells incubated with conditioned medium from normoxia-treated EPCs. In contrast, conditioned medium from EPCs transfected with siHIF-1a or siIL-8 RNA subjected to hypoxia attenuated Bcl-2 expression and increased caspase 3 and Bax expression in NOR skeletal muscle cells under hypoxic conditions. These data suggest that the protective effects of WJ-EPCs against hypoxia/ischemia-induced apoptosis of skeletal muscle cells are related to HIF-1a/IL-8 expression and that these factors regulate the expression of apoptosis-related proteins. Since cell survival is essential for the therapy of ischemia, these data suggest that HIF-1 and IL-8 from EPCs play a master role in cell survival during hypoxia/ischemia and that HIF-1a/IL-8 might regulate angiogenesis by modulating the endothelial cell anti-apoptosis pathway. Whether HIF-1a/IL-8 from EPC affected the antinecrosis pathway requires further study.
In conclusion, an intramuscular injection of EPCs is an effective route for cell transplantation for promoting revascularization and functional recovery of the ischemic limb. At the molecular level, this effect is due, at least in part, to HIF1a and L-8 expressed by EPCs, which enhance the migration of EPCs and capillary formation and reduce cell apoptosis. Based on reports in the literature and our findings, Fig. 7 depicts a model for the mechanisms underlying the protective effects of EPCs from Wharton's jelly of the umbilical cord on the ischemic hind limb of diabetic mice. HIF-1a and IL-8 released from EPCs play an important role in inhibiting apoptosis and promoting angiogenesis in hind-limb injury and may represent a new and promising strategy for clinical application designed to re-vascularize ischemic tissues.
